Cardiac arrhythmias and neurological irritability frequently complicatethe recoveryof children after cardiac operations. Hypomagnesaemia has been documented in up to 65010 of critically ill hospital inpatients, and has been reported to complicate the administration of loop diuretics and intravenous catecholamtnes."? Hypomagnesaemia has also been shown to be associated with an increased incidence of serious arrhythmias after myocardial infarction in adults and of fits in neonates.t" However, the incidence of hypomagnesaemia and its relationship to cardiac arrhythmias and neurological symptoms in children recovering from cardiac operations has not been previously described. We studied prospectively a group of infants recovering on the intensive care unit (ICU) after closed heart operations to answer these questions.
MATERIAL AND METHODS
Thirty five children treated by operations including repair of coarctation of the aorta and procedures to palliate complex intracardiac defects were studied. They had a median age of 11 days and 25 (71%) were below 30 days of age. The median weight was 3·1 kg (range 2· 2-10' 5) and the length of stay on ICU postoperatively was 3 days (range 1-14). 18 children required emergency surgery.
Cardiac function was monitored by recording electrocardiograms and intravascular pressures continuously on standard intensivecare monitoring equipment. The occurrence of ventricular and atrial ectopic beats more frequently than five beats a minute was considered abnormal, a cut-off point commonly used in clinical practice.
Tachycardias caused by abnormal conduction and
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The presence of the clinicalsigns of neurological irritability, that is 'jitteriness' or focal and generalized seizures were also recorded. For brevity these neurological symptoms will be referred to collectively as 'fits'.
Blood specimens were obtained immediately after surgery and subsequently daily at 0800 h when other routine blood specimenswere obtained. Collection of specimens preoperatively was incomplete as the majority of infants were neonates and/or required emergency surgery as they were critically unwell and therefore unfit for removal of further specimens. We therefore have not presented the results from the small number of measurements of plasma magnesium concentration made preoperatively.
Blood specimens were collected into lithium heparin anticoagulant and the concentrations of magnesium, potassium, calcium and albumin in the plasma measured. Magnesium was measured by the xylidyl blue technique (Wako Chemical Company, Japan), calcium by the cresolphthalein complexone technique (Randox Laboratories Ltd, Northern Ireland, UK), the albumin concentration by the bromocresol purple technique (Randox Laboratories Ltd) and potassium by flame photometry. The total calcium concentration was adjusted for albumin with the following formula: The normal values for neonates derived from pooled data obtained in the Yorkshire region were: potassium 3'5-5'0mmollL; magnesium O' 7-1 . 2 mmollL; and adjusted calcium = 2' 1-2·7mmollL.
The incidence of magnesium concentrations below O·6 mmollL and the statistical relationship to diuretic and inotropic treatments, and to the incidence of cardiac and neurological symptoms have been documented in this report. As a levelof significant hypomagnesaemia 0·6 mmol/L was chosen as we have previously observed that infants with lower plasma concentrations present symptoms. The results of the first 6 days only have been analysed, as after this time the number of patients on lCU was too low for valid statistical analysis. The Wilcoxon ranked sign test was used to determine the significance of changesin magnesium concentration, and Fisher's exact test to test the association of abnormalities in magnesium concentration with symptoms and treatment.
RESULTS
The mean magnesium concentration on day 1 was 0'77 mmol/L (10-900/0 centile 0'66-0'97) and was similar on subsequent days except on day 3 when it had decreased to 0·71 mmol/L (10-90% centile 0'67-0'74, P<0·05). The magnesium concentration was below O'70 and O'6 mmol/L in 25 (71'4%) and 10(28'6%) of children, respectively, while hypokalaemia and hypocalcaemia was present in 13 (37'1 %) and five (14' 3%), respectively. Thirty-two children had remained on lCU for 2 or more days, and of these 11 (34'4%) experienceda decreasein magnesium concentration greater than 20% of the value on day 1. All the infants in whom the magnesium concentration was either below O' 6 mmol/L or decreased by 20% had received intravenous frusemide (P<0'05; Table I ). The infusion of dopamine or other inotropes was not related to hypomagnesaemia. Six children experienced fits, of which four were generalized seizures and two jitteriness. Three of the six children required treatment by intravenous administration of phenobarbitone. Fits occurred in five children in the presence of a magnesium concentration below 0 .6 mmol/L (P = 0 .005) while all six of them had exhibited a decrease in magnesium greater than 20% (P = O' 0005; Table 1 ). The child in whom a fit had occurred in Ann cu« Biochem 1993: 30 the absence of a magnesium concentration below 0'6 mmol/L, showed a decrease from 0·97 to O' 67 mmol/L on days 1 to 2 and had not experienced hypocalcaemia. In one infant who received 1 mmol/L of magnesium sulphate intravenously early after the onset of fitting, the fit was immediately arrested. Hypocalcaemia was associated with fits in three children (P < 0 . 05).
Cardiac arrhythmias were not related to either the occurrence of hypomagnesaemia or to the degree of change in magnesium concentration. Hypokalaemia was not related to the occurrence of cardiac arrhythmias.
DISCUSSION AND CONCLUSION
Critically iII children often experience derangements of the plasma concentrations of potassium, calcium and glucose which may cause neurological or cardiovascular symptoms. It is widelyrecognized that hypomagnesaemia may also cause these symptoms; however, it is not common practice to monitor plasma magnesium concentration following cardiac surgery. The results of this study have indicated both that hypomagnesaemia occurs frequently in children after closed heart surgical procedures and that it is closelyassociated with the presence of neurological symptoms. We believe that the plasma concentration of magnesium should be measured daily in children recovering from closed heart surgery on lCUs and that greater attention should be given to its role in neurological symptoms. Larger studies are required to validate this view point, to investigate the metabolic causes of the observed changes in this group of infants and to investigate the role of replacement therapy.
